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SiC substrate, an oxide substrate, and a carbon substrate. 



(57) Abstract: 



PURPOSE: A method of 
fabricating a GaN film is to grow 
a high quality GaN film having a 
mirror surface with a fast growth 
speed and a good crystallization 
characteristic. 

CONSTITUTION: A fabrication 
method of a GaN film comprises 
the steps of: mountingOO) a 
sapphire substrate within a 
reactor; 1st nitrifying(20) the 
sapphire substrate within the 
reactor by using an ammonia 
gas; surface processing(31 ) the 
1st nitrified sapphire substrate 
by flowing the mixed gas of a 
NH3 gas and a HCI gas into the 
reactor; 2nd nitrifying(32) the 
surface processed sapphire 
substrate within the reactor; arid 
growing(40) a GaN film on the 
2nd nitrified sapphire substrate 
by a HVPE(Hydride Vapor Phase 
Epitaxy) method. The sapphire 
substrate can be any one of a 



WIPS PIView 3.3.2.7 




(19) CH»e!^»ia(KR) 
(12) S^m§l5M(A) 




(51) Int. CI. 
H01L 21/86 


(43) sim Ji 


— i^UUU UUDOo/4 

2000t309i!05gJ 


/ O 1 ^ °] fcj-l :5r 

(22) a ^ f Xh 


1 0- 1 999-0003957 
1999^02ii05iJ 




(71) S^oi 
(72) 

(74) CHEiei 
(77) & M%=? 


diesis 

442-373 

4-^1 A| IB? QH&3S 416 

0l£5> 
461-182 

a^lEaaA|^a?*a2S3379«Q|0Httei 01S71 OS 
Olg^j 

ni Aha 




(54) sag 


GaNQf »B 





^ i§g seOIIEI^AI £1101X1 CK)I£ = U SXf £X|- eoil A^£|fc 28821 GaN ggxiH 4= Si^ GaN S| HI 2 

^IXH^CK g W80II CQ-E GaN sj J1I5 AHIfOIOi ^IBi 1x1- a st nitridationJS * 3 CHI GaN at B gSA|3|fe eaH21 ^gUF 

fe «S3 AHiFOlOH ^§^1 LHOIIAH 1x1- a st nitridation)e ¥ NH 3 +HCI £f> 3^ oil 2IS S^xHaiM MMm Cli ^Ol- 

a±SKnitridation)B 4 f A|6h01 GaN°!M SSAigogttl. 53 iflfiPPI- ^OhXj >I8 HS2f »g GaN&ts SfeQ. 



CHH£ 
£3 

£ oj2J ^cfsh 

£ 1S eeH^I HVPE^Oil 21^ GaN sj X||3E ^ S Oil QJS g§ £ AH 11 SOI^fe M^EOIH, 

£ 2a ft! £ 2b^ 2*2f £ i sj g§ -ah Oil OLF£f gg-Q GaN Bf2| S3 ft! x-ray rocking curved 01, 

£ 38 S CHI IrE HVPESOil 21 fit GaN^f Hl£ CHI If E §3 (process) £ AH M SOI^b M^!£Oim, 

£ 4a ft! £ 4bb 2*2* £ 321 g§ £ AH Oil (ft£|- GaN a* 21 S3 AJH ft! x-ray rocking curveOim, 

E5b£1°lg§ ±AiOj| 0>eh ^§9 GaN at 21 BE (cross section) TEM AhSIOIH, 

£ 68 £ 32J g§ ± AH Oil ©Sf «SS GaN 5|2| TEM Ah£!0|CH, 

HdllD EE 78 E 6°J MS! ^0{| xH£!2 Af2|S «fCI|ff TEM Ar£jO|Cr. 

<E2 2| ^fi^^Oil CBB ^21 > 

1. AhUhOICH 3IB &*t EMI 2. a£S BJI 

3. GaN a| SS B3I 

10. ArE^OICH §*f B2I 20. 1 X[ m±® 

30. S »S0II a»S SxH£l B3I 31. NH 3 +HCI St* SxHdl B3I 
32. 2x> a ±5} BJI 40. GaN a* ^§ &3I 

m- oj o| ssxh 

wboi ?i* ft! n «of2i sapia 
s seoiim^Ai aioixn aoisnu £x r ^xf eoii Mm^^ nmm°\ GaN sie asxi^ 4= GaN ^ xns ^^oii 
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«JH AUttOIOi (sapphire) D\B 9\0\\ GaN ^(film)M &3Md\~z ^S^Scr MOVPE, MBE, HVPE Ail CHBSCKSSgg!: [1] H.P.Marus 

ka and J.J.Tietjin, Appl. Phys. Lett. ,1 5(1969)327; [2] H.M.Manasevit, F.M.Erdmann and W.I.Simpson. J. Electrochem.Soc, 118(1971)186 
4;~ [3] S.Yoshida.S.Misawa and S.Gonda, Appl. Phys. Lett, 42(1 983)427. Olg HVPE^ &§r^E2f QB ¥ ^gCHI bloH 4=£JdHU *s»- 
OIU ^a(bulk) SSA|9lfeQI SSISm. nam a§^E3|- HE CH£! Dia SB(mirror surface)* ^Ulb HM^'(high quality) GaN 

am s^ib mmo. 

XI^^XI 0| eH 2B(mirror surface)^ ^Xl^r GaN ^ MOVPEg^ fcflmS(buffer layer)^ MgSrOIOt ^WSCI. DHU MOVPE 

b WhrSSES ±Z\ GaN ^SJE gS»:?|0||fc ^MX\D\ 8J&CK DSHAH HVPEg^^ A^OICH D\B OH! GaN ^§5^b 

Ql ggs GaN QJ2| HBOI XiJI] ^S^^OI gX| SKC*. Oil 8lia»3l ?l 6H §B &§§2^ AINOIU ZnO. Xi£ GaN S ii Ahg 
8^01 ^^61 mgO\ §^ GaN ^!f§ ^ & A| 31 X) SShaiQ 0IM tflHH#2| Af§g 01 D I }|g ^ 6i Oil AH X||A|£! aCKSSSfi!: [4] H. 

Amano.N.Sawaki.l.Akasaki, ans Y.Toyada, Appl. Phys. Lett, 48(1 986)353; [5] S.Nakamura, Jpn. J. Appl. Phys. 30(1 991 )L1 705; [6] T.Det 
chprohm,H.Amano,K.Hiramatsu and I.Akasaki.J.of crystal growth, 128(1993)384). 

0|£* eoi, gen Oil HVPESOil SI & GaN e* aSS. £ 1011 £A|3 df2f SOI. AUttOICH 31 ^§^1 (reactor) LH Oil §r*rSHQ(1). D\B ¥l£ 
2U0r (ammonia gas)S SBI^OH Al W0\ CH (sapphire) 521 § ^(nitridation) A| *(2) GaN 8&M3\7iU(3). AfGhOI Oi 3ie ^1 
Oil bUHS2£ AINOIU ZnOm £IHEKsputter)U Cfg CVDS 4^ A £F2HIS S&Al^i ¥(1) 01 M QA| HVPE y§;i (reactor) LH CHI «2 H^Sf 
m *(2) □ ?l Oil GaN aSAI»CK3). 01 ai «jgog GaN QJS Oi^OI £ 2 a Oil &A|£! bh£F 3*0! #21 £ §r(layer growth)OI 

XII MS 81 OIU XI &0J HBO! ^HH. £ 2b0i! £AI9 fctt» aoi, x-ray rocking curved FWHM St 01 1000 0|^(GaN QJ2I ^ ZHI 2w<^ 

^§ ^£01 5 XI SCf. "^±SKnitridation) M £fe §Oi^ AI-HI-OI CH 2 IB CHI &2L|0> ^r^S SEI^CH AfHrOIOi S3 CHI a k ^UDf AIN 

3} mm ^^Ai3i^ 31 sjoiafe aissoi, aais ain muss ssAi^ife >ii eiois^ 32 om ck 

£ &OI2I- SXilgg ^B°J m s S Oil AH ^ HVPES°i §§§ J\^JVt U = ^l ^35f01 ^£^F iWSSAHSE 

^§ ^^01 fg 1>E 521 i^fe Hii'^l GaN ^^A|3|^ GaN^I MS: ^SI HIS 5^ □! 3 =^0| 2iCf. 

^0|£f HIE ^^6PI ¥1 81-01 ^ Oil CEFe GaN^I XilS ^SS, HVPES^^ MHhOICM ^|& ^Oil GaN^M £QMd\t= GaNS| X1I2 

^-S Oil 21CHAH, (D\) &D\ AmhOICH l\Bm UjOil S^Shb B^ll; (U) &D\ &mi\ LH Oil AH &D\ AfH^OIOH D\BM 1 E^l : ( 

U) ^^l ^e^l LHOII NH 3 ^^21- HCIS] a& v ^f^M S&I ^31 1 xh ^^SfS AfnmiOi xHEJ Shb (£h) fef^l (U) B3II g§I ^1^1 

MUNICH D\&m 2X\^ m±mo[^ eai; » (OH 2» B^IISI S§§ AFmOIOH ^Oll GaN ^ &A| 31 B3||:» a» 

^ ^SOil ^CHAH, A^fOIOH CU£!0II SiC D\B, ttmm J\B 9i &si\m D\B § 0\± m D\&m A^6fe 5£ 
01 61- £31 S^m^AH e ^SOil [L[B GaN^ XHI5 ^Sl ^ Ail 6^1 ^St^CK 

^ ^SOil CC^ GaN°! ^SOil/Hfe. HVPESSI S§(process)M ^IS5F QS}|| ^§61-01 GaN g&AI^JU. OIEH^ GaN^ 
2J g§ ^ AH ^1- £ 3011 EAjSOH 2iU. £A|@ d^Oil ca^S, AH&OI CH (sapphire) ^l&S »g 31 (reactor) LHOII S*fSm(10). &£aUOI- 3\±(am 
monia gas)^ AF^OICH D\&m 1 ^ ^^lf(1st nitridation) Al U(20). 0|^ D\^2\ e^'El ggOICK OlOiAH NH 3 +HCI R 

3 xH £i M *(31), UAI 2» ^^sl-(2nd nitridation) At gj Q(32). 2xh a^»S AHUOIOl 3ie ¥l Oil GaN a|M aSAI21P(40). 

^, 1x1- ^ 1st nitridation) ^ □ ?IOil GaN ^ S Al 31 ^ ^£H2J ^SH^ Q^J\\, ^SS AhmoiOi JIBS ^gJI LH Oil AH NH 3 +HCI B 
m D\±0\\ 9\m H^xHdlM ^A\m Om ^^Sf(nitridation)S ^ A|(30)6h01 ^§^1 ^§2°i ^2JCK ZldlH eefOilfe: ^^(s 

ource) B£ ZiaiH 111^ ZM V m §!^SJ dIB SlEhU. 

01^ ^01, B ^SOil CTiE GaN°t THIS ^SS 01 EH SB (Mirror surface)^ 3tX\±= ^2M^(high quality) GaN &rg ^SS^Gii 5iOi g^^^Jl 
ME HVPE(Hydride Vapor Phase Epitaxy)SM A^gaFU, §B WuH#(buffer layer) SI 01 Afm 01 CH (sapphire) 31 B ^lOil ^JS GaN^(film)e 
^Ss^OIIE i?6!2 GaN ^fg, £ 4a Oil £AIS M2\ 1*01, SB HI- HOICK ^, HB ^ fj^l (roughness)^ ^CK 2E§.K 

^§s|0il CMS x-ray rocking curved FWHM Si£. £ 4b0il £A|Q dF£F aoi, 400 §£5 ^0H1 ^§ ^^01 SCK 01 §E ^^OIB MOVPE 
£F tilEISe ^SS^Ol SSS GaNS^jU* BUB^ ^S^SE^F HVPE01IAHSE diEi# Si 01 GaN Q[0l gjCHSUb ^BAi 

OiaeGaNS)" XII S ^gOilAH §fi§[ §S, SKH ArHrOIOH 3IB3f GaN^ AF0I2I 31U^ ^11- ^(lattice mismatch)^ 6H^6f3| ¥1 oW 

AhgafB bHHi#e A^mXI a2^U^ §0II2, mm HVPESOI 50/^/hr HH^0I|£ AMLI- 0 1 01 3I&2I SBxH£! 

■ mo[0\ U\^i SBfmirror surface)2J GaN^M ^ZLQtz 3S0IU. 01 GaN MOCVD or MOVPEM Oi^shOI §^ 81101*1 Qf0|SE(blue LD 
)£| Xil^Oil ^eOiini^AI(heteroepitaxy) D\B9.^ MEM 4= n-dopingUr p-dopingM »8 r 0l LED* XII Stt ^ SACK SEff HiE 
£8 OlgorOI BAIB UH CHI GaN ^(thick film)M 4^^^ 9JtH, fg§2§ Ar^OiCH PI&M ^ ^ 6FB GaN ^IB£ 4^ 2iCf. 01 GaN 
^IBg homoepitaxial blue LOU- SXr^XrS til 4= &CK 

5E 5b eeHH] ^gog AhUrOICH J\Bm M 4i^(nitridation)B o[H □ ?|0il GaN a* 21 BB(cross section) TEM Af5!0|H, £ 

S ^SOil COS GaNS| AfufOIOH D\ BH 1 xF § 4:^(1 st nitridation) xHB-K NH 3 +HCI ^r^ xHBI. 2xF H4:SK2nd nitridation) xH 

d|21 ^AH^ SxHEig 6m, H ?l Oil GaN a|2| BB TEM Ar£!0ICH, 3EII2 £ 7g £ 6Hi MS ^Oil g^|2g xHdl© Ah^g « 

^CHS!- ^OICK OiM AfiliS aSS Al-HhOfOI ^ies SxHe.|(pretreatment)6^| g§AI?J GaN 2 xH £1 ^ ^ ^gAl^i GaN ^ 
2J BB(cross section)^ 5| g TEM g^(imaoe)S dlHo^l ^J§1 201 CK 01 B em 01, a xH £1 (pretreatment)^l- SSi GaN AfErOI 
CH Hj SIB S 6Kinterface image)^ TEM AhS^^ SB. ¥ ^rll B Oil AH xFOISM 4= 2iCK 

5LM = , ¥ Al- £! Oil AH ArflrOIOi^ GaN^ Ah 01 CHI ggsa^£l£r ^^£1^ AIN §1 SB gaiiSI g§ gg2S iUoH*i SIB § ^(interface ima 
ge)g S^tHflat) M&m §! BB, S Oil g}S25 £j§TS SI B (interface)^ ?}0^^ Q^^EHM BCK 01^ 2xH£l(pretre 

atment)AI MErOIOH 2IB0I NH3+HCI ^r^Oil 21 sH 0il5i£j2i^| HHSOICh 
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*WM^., gSS GaN S|2j 3S ^£(defect density)0| Ef. S g^gOil [CfE GaN a>0| eeH°l H D f S2^ aag °j(film) SCf 

(cross section)OI J)H56rH B^Si ST 4- aa. 

OI6f2| XrSOllAH NH3+HCI £3xH£I8rIl ^§A|^j GaN sjOl 5 S xH £| M 5rXI 8Hi S§TAI€J GaN S^Oil d| 6H ^§^£0| ^IOH=rS S^a 

12 01 XrOl^r SSxHdlOil [TiE 3112 (interface) g&0IIA1¥Ei D\2imm Bad. 01 #21 a3fS¥H NH 3 +HCI Pr^Oll eJ: ArErOICH 53 xH £| 
§2^1 ^216^1 ¥I6H 4D[X\ OB g§§ A r g5 r 01 «S6 r aCr. ^SS 4PrXI CrE 2[3| aSWaXISI- S3 >l§j PI (surface roughn 

ess)B 2*21 am S Bj»fe »Sj B«Cr. 

&&0I 8X1 EJb horizontal open flow reactorCHI AH HVPES^g GaN^S &§maa. Ga S^Hr &EL|O r (ammoniapr H £| 3\ AH (precursor) 
£ Arg£iaH 3HBICH ^(carrier gas)Sfe N 2 M ArSSrSCr. 

3S«H. ^§2 ArErOICH 3|»S tt83| (reactor) LH CHI g*r8 r 2 &EL|O f Pr£(ammonia gas)M AUttOI 01 (sapphire) UieS 1» S!£2r(1st nitrid 
ationjAISIH OICHAH NH3+HCI S» Pr^^ £2?xHdlM & * ErAI ^2U0[ Pr^ °[2S 2X\ ^^aK2nd nitridation)6rI2 □ ¥1011 GaN 5*8 £J 

SKH. SSS ArErOICH PIBg LHWI SrEUOr Pr±(ammonia gas)S ArErOICH PIB8 S£»(nitri.dation)A|9i:D 2^6r]AH NH 3 

+ HCI St, k 5SxHEIM B * 3 ¥1011 GaN &rf| SSSraCh 

2!KH. ^§2 AI-ErOI Oi PIBM ^h^I LH Oil S^lorH NH3+HCI S» S^xHEIS & ^ EfAl &EU0r (ammonia gas) 

^(nitridation)mz □ ¥1011 GaN SSSrHCh 

£!KH, ArErOICH ?ieS ^i^l L-H CHI S*f8HI NH 3 +HCI SB Pr^S H^xHEIM & * H ¥1011 GaN Sj-g ^&§^Q. 

01 a 4PHI U JS°S 2J2|2| §2} Oil ErE Er £r 01 EH M (parameters) 8 §^§rPil S r aCr. » «S§ 2*011 ^^(source) SE£r 

^e naun m/v^ bsisi mm ^mmo\ ss^EPr -sownrsiPii oraa. 

01 ai K 4P r XI &*{2| g§ ^3f, §fi«[ NH 3 Pr^SI HC\2\ mm Pr^Oil 2\m ArErOICH PI&2I S£xHE|°J- 0I¥CHXI2, 1x|- §j>bsr £§Hr 
2x^ §§§ ^SfSrOlE 8AfB ^UFM SSQ. P-Eh 3 S§1 S¥ ^A|§[^ GaN^M S§SI S SiWi S^OI ^rS o^^joi 

^@£1 S3} 

01 & b^£f ^01. ^ ^SOil CEh^ GaN ^ ^S^, AfEfOIOH ^l&M 1 X\ H^SKlst nitridation) * 3 ¥1011 GaN ^^A|5I^ 

eeH^J ^§2 AI-IH-OICH &m?\ LH Oil AH ixl- I^SKIst nitridation)s| s N H 3 +HCI a& ^r^OII S^xH &IB ^Ai 

m Um ^^§}(nitridation)M ^AISFOi GaN^g ^SAIlJo^AM, S3 ^i^^Pf ^0^X1 Jim S33f 521 ic h ^ GaN°tg =^ 
aCK 5EB, GaN a^2| x-ray rocking curveHI FWHM»E 400^^ ^OhXj mgm ^rXITil SCf. CCFdUH, g&^E^ BHrE HVPE 

Oil AH £ tHEie aOI 2§§£| GaN^IOI ^SSOI, 01^ MOVPE2r A^gSrOI ^§rS GaN 31°^ ^OID. 

(57) S?2j S?l 
1. 

HVPES^^ ArErOICH Pie GaN^g ^&A|3|^ GaN^I Xil S ^SOil a OH AH, 
(^r) &OI ArErOICH ^e^l LHOil &7\\\ 

(U) ^e^l t-H 0» NH 3 Pr±£r HCi^i J\±m m& &1\ A^EFOICH DIBM XH El 5rb BM; 

(Q) ^31 (U) 9511 g§§ >is! A^EfOICH D\B GaN £&A|3|b BDt'M 

5^5^ 5fe GaN&r XilS ^S. 

«=P» 2. 

XH1 1 & Oil aOHAH, 

(U) B5II OlSOil, &OI &J-e^| LH Oil AH ArErOICH D\&m BHIM EH S^or^ fS2S GaN^I 111 i ^S. 

S=P» 3. 

XI1 1» Oil aCHAH, 

feOI (U) B51I Ol^Oil, ^Ol ^§^1 LH01I AH &OI AFErOICH D\&m ^±s\m^ EH 5^6rfe ^S2^ 6^ GaN 9^ HIS 

4. 

xii 1 soil a OH AH , 

£>0| ArErOICH PIB CH^OII SiC tt®m D\B ^ &Srg Pie § CH^ ^ D\&m Afgofe 5fe GaN^I X1I5 ^S. 

£0 
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